This paper describes performance characterization tests of a 64-cell hydrogen oxygen PEM fuel cell stack at NASA Glenn Research Center in February 2003. The tests were part of NASA's ongoing effort to develop a regenerative fuel cell for aerospace energy storage applications. Purpose of the tests was to verify capability of this stack to operate within a regenerative fuel cell, and to compare performance with earlier test results recorded by the stack developer. Test results obtained include polarization performance of the stack at 50 and 100 psig system pressure, and a steady state endurance run at 100 psig. A maximum power output of 4.8 kWe was observed during polarization runs, and the stack sustained a steady power output of 4.0 kWe during the endurance run. The performance data obtained from these tests compare reasonably close to the stack developer's results although some additional spread between best to worst performing cell voltages was observed. Throughout the tests the stack demonstrated the consistent performance and repeatable behavior required for regenerative fuel cell operation.
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For more information about the NASA STI Program Office, see the following:
• Table 1 , with a schematic diagram of the thermal/fluid systems presented in Figure 1 . The test cell is serviced by bottled hydrogen and oxygen supplies placed in revetments outside the building and is well ventilated, conforming to applicable safety * Thermo-Mechanical Systems Branch † Scientific Applications Development Branch Main purpose of this test stand is to make detailed open loop characterizations of multi-cell stacks controlling the input parameters and applied loads (see Table 1 , "Applied Conditions") while measuring, observing, and recording the performance parameters listed in "Output
Measurements." The data are compared with theoretical performance predictions traceable to the stacks' physical design, or the developer's performance predictions, or performance noted for similar stacks made by others.
Of particular interest to a fuel cell system designer are
• polarization performance at operational temperature and pressure • operational life and performance consistency/ repeatability over time 
TEST ARTICLE
The fuel cell stack tested was a 64-cell hydrogen oxygen PEM unit designed and built by Lynntech, Inc.
(College Station, Texas) designated "Generation III" in reference to its place in that company's continuing design evolution. Lynntech is the industry partner furnishing stacks for the Aerovironment "Helios" solar electric aircraft RFC demonstration; their stack design has undergone several revisions and improvements since the original concepts, realized in the form of a 4-cell developmental short stack, were tested in early 2000. These improvements were the product of careful failure analysis and rework following extensive testing at Lynntech, Aerovironment, and GRC. 
TEST NARRATIVE, RESULTS, AND DISCUSSION
The stack was subjected to "non-operational" performance tests February 19th prior to being operated on the stand. The stack passed the no-op tests; all diagnostic parameters were within the developer's acceptable limits.
The stack was then connected to the test stand and energized with reactant gasses. As hydrogen and oxygen reactants were absorbed into the stack displacing purge nitrogen, the following open circuit voltage profile shown in Figure 3 began to emerge. The low cell to cell voltage variation observed also indicated a healthy stack.
Non-op tests were repeated February 25th prior to operational testing. Readings were close to those observed February 19th. With reactant flows established, the stack was then pressurized to 50 psig and electrical loads were applied. Then the pressure was raised to 70 psig, and load currents to a maximum of 100 A were applied to the stack. At 100 A some of the cells began to flood and could not sustain 100 A for more than 5 minutes, so oxygen flow rate was raised to the maximum (reduce utilization) in hopes of stabilizing the water balance in those cells. Keeping high inlet oxygen flow (50 SLPM) allowed the stack to sustain stable operation at 80 A. After stable operation was demonstrated at 70 psig, pressure was reduced to 50 psig and stable operation was again demonstrated at 80 A load current. Then, pressure was increased to 100 psig and a third stable operating point at 80 A was demonstrated. Figure 4 shows the cell voltage profile at a load current of 80 A. The stack was operated at this condition for approximately 45 minutes. The stack was then subjected to polarization performance tests at 50 psig and 100 psig. During these tests, electrical load was increased from idle in steps of 10 A, to a maximum current of 100 A, then stepwise The polarization curves shown in these figures are the primary representations by which the electrochemical performances of similar stacks may be compared. For example it is useful to compare the 50 psig polarization performance recorded at GRC ( Fig. 5(a) ) with the 60 psig performance reported by the developer after 100 hr of acceptance testing 18 months ago (data from Fig. 4 of Ref. 7) , which is plotted alongside the more recent data in Figure 6 .
For a measurement of stack degradation we may look at the variation of individual cell voltages that were recorded during an individual polarization test, and compare with earlier polarization test data. For example, Figure 5 (c) shows the best, worst, and average cell voltages recorded at GRC for the stack at 70 psig. Figure 7 (reproduced from Fig. 5 of Ref. 7) shows the individual cell voltages that were recorded by the developer under similar conditions approximately one year earlier. The plot shows all the individual cell voltages but its envelope is bounded by the best and worst performing cells. From comparison of Figure 5 (c) to Figure 7 it appears overall stack degradation has remained less than ten percent, but best-to-worst cell voltage spread has approximately doubled.
Following polarization testing the stack was subjected to an endurance run at 100 psig, carried out during the afternoon of February 26. Run duration was limited by the available hydrogen supply (2 full "K" bottles) which On the following day, the stack was subjected to non-op tests to ascertain health status. The non-op tests indicated the stack had suffered no damage during the tests, and was fully capable of continued operation.
